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In this article we study the structure and stability of compact astrophysical objects which are ruled
by the dark energy equation of state (EoS). The existence of dark energy is important for explaining
the current accelerated expansion of the universe. Exact solutions to Einstein field equations (EFE)
have been found by considering particularized metric potential, Finch and Skea ansatz [1]. The
obtained solutions are relevant to the explanation of compact fluid sphere. Further, we have observed
at the junction interface, the interior solution is matched with the Schwarzschild’s exterior vacuum
solution. Based on that, we have noticed the obtained solutions are well in agreement with the
observed maximum mass bound of ≈ 2M⊙, namely, PSR J1416-2230, Vela X-1, 4U 1608-52, Her
X-1 and PSR J1903+327, whose predictable masses and radii are not compatible with the standard
neutron star models. Also, the stability of the stellar configuration has been discussed briefly, by
considering the energy conditions, surface redshift, compactness, mass-radius relation in terms of the
state parameter (ω). Finally, we demonstrate that the features so obtained are physically acceptable
and consistent with the observed/reported data [2, 3]. Thus, the present dark energy equation of
state appears talented regarding the presence of several exotic astrophysical matters.
I. INTRODUCTION
The present accelerated expansion of the universe has
been established by various self-governing high-precision
observational data such as the galaxy rotation curves, Su-
pernovae type Ia [4, 5] and cosmic microwave background
radiation [6, 7]. Several models have been proposed to
account for this observed late-time accelerated expansion
of the Universe. One of the assumptions of the current
paradigm of cosmology is the existence of so-called dark
energy, where general relativity is assumed to be cor-
rect. The dark energy component is characterized by a
negative pressure. A large volume of phenomenological
and theoretical models have been proposed to describe
the actual situation (see [8] and references therein). In
this regard, the simplest and most efficient way to de-
scribe the present situation is by introducing a cosmo-
logical constant Λ within general relativity (GR). Over-
all, DE is thought to contribute 70% of the worldwide
energy budget in the universe. See Ref [9] for a re-
cent review on DE models. However, despite its success,
ΛCDM model, which consists of a cosmological constant
(Λ) plus Cold Dark Matter (CDM), suffers the theoretical
problems for instance the fine-tuning and cosmic hap-
penstance mysteries. So, it is important to investigate
other available theoretical schemes such as employing an
EoS p = ωρ, where p is the pressure and ρ is the energy
density, respectively. Without entering further details,
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the requirement for cosmic expansion is ω < −1/3 , as
shown through Friedmann equation a¨/a = -4piG(p+ρ/3),
whereas ω = −1 reduces to the particular case of cosmo-
logical constant. On the other hand, the parameter range
−1 < ω < −1/3 is called quintessence models and the
dark energy is reducing accordingly with a scale feature
a(t) as ρQ ≡ a−3(1+ω) [10]. In [11], authors have shown
that depending on the evolution of density perturbations
one can distinguish a cosmological constant (ω = −1)
from quintessence models with ω > −0.9 at the 3σ level.
It is therefore the equation of state parameter violates
the null energy condition, i.e. ωde < −1. However, the
EoS of a phantom scalar field is always less than −1.
Our interest is to search for local astrophysical objects
within this scenario. In this line of thought, gravastar
(gravitational vacuum star) model received special at-
tention - as an alternative to a black hole solution has
been proposed by Mazur and Mottola [12]. This model
consist of five layers including two thin–shells. The de-
Sitter geometry in the interior governed by an EoS p =
-ρ, matches to an exterior Schwarzschild solution. It is
argued that in between the interior and exterior geome-
try, there is a finite thickness shell with an equation of
state p = +ρ. The shell is comprised of stiff fluid matter.
See Ref [13] for a recent development on gravastar model
where five-layer model can be simplified to three-layer
with the phase transition layer was replaced by a single
spherical δ-shell. In Ref [14] an argument claiming for al-
ternative model of gravastar where the de-Sitter regime
was replaced by an interior solution governed by a Chap-
lygin gas equation of state, interpreted as a Born-Infeld
phantom gravastar. We refer to our reader for a recent
discussion see e.g., [15].
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2Apart from the aforementioned gravastar solution, one
may consider extended objects supported by dark energy
EoS (interior region). The motivation comes from the
fact that dark energy exerts a repulsive force on its sur-
rounding, and this repulsive force may prevent the star
from collapsing. This model found great success and de-
noted as a dark energy star [16]. After this work, Lobo
[17] generalized of the gravastar picture by considering
the dark energy EoS, ω = p/ρ < −1/3, which is matched
to the exterior Schwarzschild geometry at a junction in-
terface. According to the proposed model large stability
regions do exist, but sufficiently close to where the event
horizon is expected to form. The results of this analysis
had led to another possibility that massive star doesn’t
simply collapse to form a black hole. Furthermore, Chap-
lygin dark star was proposed in [18]. A related simpli-
fied model with time-dependent spacetime was proposed
in Ref. [19] with an evolving parameter ω crossing the
phantom divide, ω = -1. Various kinds of dark stars
were found to be stable under small perturbations (See
in detail in Refs. [20]).
In [21], Yazadjiev found a class of exact interior solu-
tions describing mixed relativistic stars. According to the
model dark energy was provided by scalar fields with neg-
ative kinetic energy. Whereas the dark energy imprints
in gravitational wave spectrum of mixed neutron-dark-
energy stars (containing both ordinary matter and dark
energy) have been found in the literature, and we refer
the reader to Ref [22]. Lately, an interest in G-lump -
a vacuum self gravitation particle-like structure without
horizons was introduced by Dymnikova [23].
Motivated by the undergoing a phase of accelerated
expansion of our universe which was confirmed by ex-
tremely luminous stellar explosions, known as type Ia su-
pernovae (SNeIa), provokes us to rethink the commonly
accepted scenario. Another related issue is to assess the
properties of neutron stars and there formation in our
modern scenarios, which is changed after the discovery
of PSR J1614-2230 [24] as 1.97 ± 0.04 M. This dis-
covery puts a severe constraint on the EoS for nuclear
matter. In particular, one needs to consider the appear-
ance of exotic particle at densities ∼ 5 - 8 ×1014 g/cm3
[25]. Nevertheless, ultra-luminous X-ray sources (ULXs)
are X-ray sources with luminosity above the Eddington
limit cannot be explained by the conventional idea of
normal stellar mass black hole. Therefore, the basic na-
ture of ultraluminous X-ray pulsars are [26, 27], as of
now, remains unsolved [28]. However, different models
have been suggested for the ULX-pulsars including mag-
netic field of different strength, but none of them are
conventional one. With this viewpoint, we explore dark
energy as a possible source which could constraints on
the mass-radius relation for compact objects whose es-
timated masses and radii are not compatible with our
known sources, such as X-ray burster 4U 1820-30, X-ray
sources PSR J1614 - 2230 and X-ray pulsar Vela X - 1,
Cen X - 3.
On the other hand, the effect of anisotropy on the evo-
lution of self gravitating objects has been studied ex-
tensively by several authors using both analytical and
numerical methods. The anisotropy means that there
are two components of pressure, one is radial direction
and the other is along the transverse directions (see Ref.
[29, 30] and the references within). Interestingly, the in-
terior solution for anisotropy fluid distribution can arise
from various reasons: the presence of type 3A superfluid
phase, a mixture of different types of fluids or the pres-
ence of a magnetic field, etc. (see Ref. [31, 32]). From
recent investigations of the stellar structure, Herrera and
Barreto [33] considered polytropes for anisotropic matter
both in the Newtonian and the GR regimes [34, 35]. In
[36, 37], charged anisotropic solutions with a quadratic
equation of state was obtained. In particular static
anisotropic fluid spheres with uniform energy density was
considered in [38]. Recently, Mak and Harko [39], showed
that anisotropy may play a vital role in the stability of a
dense stars with strange matter. Other studies are also
available (check references for instance [40]). Through
this suggestions one could look for anisotropic dark en-
ergy model at small scales, and hence hope for yet an-
other approach to find other possible solution satisfying
the physical criteria and necessarily contains.
This paper is organized as follows. In Sec. II, the EFEs
have been developed assuming a specific choice of interior
space-time (Finch and Skea type), which is static and
spherically symmetric. Then, the dark energy EoS have
been used to present the structural equations of dark
energy star and verify our solutions with compact star
Vela X-1. In Sec. III, the matching of interior space-
time to the exterior Schwarzschild vacuum solution at
a junction interface have been studied. In Sec. IV, we
have explored physical properties of compact object for
known mass - radius and then determine the mass-radius
relation and compactness of star for different compact
objects. Finally, a brief discussion is given in Sec. V.
II. BASIC CONCEPTS OF EINSTEIN’S FIELD
EQUATIONS (EFE)
The interior metric of a static and spherically symmet-
ric star solution is defined as
ds2 = −exp
[
−2
∫ ∞
r
g(r˜)dr˜
]
dt2 +
dr2
1− 2mr
+r2(dθ2 + sin2 θdφ2), (1)
where the functions g(r) and m(r) are random functions
of the radial coordinate r. The factor g(r) is locally mea-
sured for gravitational acceleration. As a consequence,
positive and negative g(r) means inwardly gravitational
attraction, and an outward gravitational repulsion, re-
spectively.
The matter contained in the spherical object is de-
scribed by the anisotropic fluid, and the corresponding
energy-momentum tensor will be then
Tµν = (ρ+ pt)UµUµ + ptgµν + (pr − pt)χµχν , (2)
3where Uµ represents the 4-velocity of the fluid and χµ is
the unit 4-vector along the radial direction. As a matter
source in (2), we can also justify by summoning the di-
agonal components of stress-energy tensor Tµν = diag [ρ,
pr, pt, pt]. The GR field equations for the metric (1)
with the following energy-momentum tensor (2) can be
written as
m′(r) = 4pir2ρ, (3)
g(r) =
m+ 4pir3pr
r(r − 2m) , (4)
p′r = −
(ρ+ pr)(m+ 4pir
3pr)
r(r − 2m) +
2
r
(pt − pr), (5)
where ‘prime’ denotes the differentiation with respect to
r. Along these lines, ρ(r) is the energy density, whereas
pr(r) and pt(r) are the radial and transverse pressures,
respectively. Eq. (5), corresponds to the Bianchi’s iden-
tity suggesting that (the covariant conservation of the
stress-energy tensor) ∆µT
µν = 0. By considering rel-
ativistic Tolman-Oppenheimer-Volkoff (TOV) equation,
one can also achieve the conservation equation.
Since, the system of Eqs. (3-5) having three equations
with five unknowns, namely, ρ(r), pr(r), pt(r), g(r) and
m(r). Thus, the unknown functions have to solve for
achieving all the plausible features of a compact star.
To find the solution of these differential equations, we
assume a metric potential ansatz, namely, Finch and Skea
type [1]. The metric potential function eλ is given by the
equality:
eλ =
(
1− 2m
r
)−1
= 1 +
r2
R2
, (6)
where R is related with curvature parameter of the con-
figuration which satisfy all physical criteria for a stellar
source. Now, solving (6) one can derive the mass function
m(r) =
r3
2(R2 + r2)
. (7)
In next, we adopt the dark energy EoS, pr = ωρ with
ω < 0, which is one of the more promising direction to
elucidate the current accelerated expansion of the uni-
verse. Recently, Ghezzi [41] found a compact object cou-
pled to inhomogeneous anisotropic dark energy. More-
over, in essence of Ref. [42], Bertolami and Paramos
studied spherically symmetric dark energy structure us-
ing a polytropic EoS of negative index. Dark stars were
further extended that describe the collapse of a spherical
object from an initial state of positive pressure to a final
state with negative pressure inside a finite radius core
[43].
Now, taking into account the Eqs. (3) and (4), and us-
ing the above EoS we obtain the function g(r) as follows:
g(r) =
r
2R2
{
1 +
ω(3R2 + r2)
R2 + r2
}
, (8)
FIG. 1. The “gravity profile”, g(r), is plotted within the in-
terval for −1/3 < ω < 0, and then for −1 < ω < −1/3
respectively on the top and bottom panels. Analysis shows
that g(r) takes positive value i.e. indicating an inwardly grav-
itational attraction for −1/3 < ω < 0. To be a solution of a
dark star we necessarily exclude this region.
then the Eqs. (3)-(5) reduce to a simple system of alge-
4braic equations
ρ =
1
8pi
3R2 + r2
(R2 + r2)2
, (9)
pr =
ω
8pi
3R2 + r2
(R2 + r2)2
, (10)
pt =
1 + ω
32pi
3R2 + r2
(R2 + r2)2
r2
R2
{
1 + ω
3R2 + r2
R2 + r2
}
− ω
8pi
R2(r2 − 3R2)
(R2 + r2)3
, (11)
where ∆ = pt − pr stands for measure of the pressure
anisotropy of the fluid comprising the dark energy star,
can be expressed in the following form
∆ =
1 + ω
32pi
3R2 + r2
(R2 + r2)2
r2
R2
{
1 + ω
3R2 + r2
R2 + r2
}
−ωr
4pi
5R2 + r2
(R2 + r2)3
.
(12)
It is known that ∆ represents a force due to the
anisotropic nature of the stellar model. The force is be-
ing directed outward when ∆ > 0 i.e. pt > pr and inward
when ∆ < 0 i.e. pt < pr. Corresponding to ∆ = 0 is a
certain case of an isotropic pressure. At the stellar cen-
tre, r = 0 we have ∆ = 0, which is expected. Indeed,
the central density is a non-zero constant, ρ0= 3/8piR
2.
This reflects that there is no singularity inside the star.
Our intention is to study and analyze the dark energy
star that can be considered as a suitable way to explain
those massive stellar systems like white dwarfs, massive
pulsars and magnetars etc.
The main assumption that leads to Eq. (8) is that
g(r) > 0, for ω > −(r2 + R2)/(r2 + 3R2) indicating
an inwardly gravitational attraction. The condition is
verified from Fig. 1, that g(r) is positive in the in-
terval −1/3 < ω < 0, while g(r) < 0 in the interval
−1 < ω < −1/3. The above discussions show that to
be a gravastar like solution, the local acceleration due
to gravity of the interior solution be repulsive. In spite
of these constraints, we consider only the region where
g(r) < 0 for further precision (see Refs. [17] for more
details).
Specifically, we investigate the maximum mass of a
dark star using the dark energy equations of state ω <
−1/3, and study the effect of the state parameter ω
on the other physical properties such as the density,
mass-radius and gravitational redshift. In addition, we
compare the obtained results of this theory with some
strange/compact star candidates like PSR J1416-2230,
Vela X-1, 4U 1608-52, Her X-1 and PSR J1903+327, re-
spectively. However, the X-ray pulsar Vela X-1, whose
estimated mass and radius are 1.77± 0.08 M⊙ and
R = 10.852 Km has been allowed for testing the physical
acceptability of the developed model.
FIG. 2. Variation of the density and anisotropy ∆ have been
plotted as a function of the radial coordinate r. For density
profile we consider ω = −0.35 and radii are on the order of 10
km. For anisotropy factor, we verify that ∆ > 0 in the range
−1 < ω < −1/3.
III. JUNCTION CONDITION
At this stage, the interior solution is matched to an
exterior Schwarzschild vacuum solution with p = ρ = 0
at a junction interface Σ, with junction radius, a. The
Schwarzschild exterior solution is given by
ds2 = −
(
1− 2M
r
)
dt2 +
dr2
1− 2Mr
+ r2(dθ2 + sin2 θdφ2),
(13)
5which possesses an event horizon at rh = 2M . We have
chosen the value of a > rh, to avoid the presence of hori-
zons i.e. the junction radius lies outside 2M .
Let us turn now our attention in computing the surface
stress-energy tensor Sij , which can be expressed in terms
of the jump of the extrinsic curvature by means of the
Lanczos equation [44] (see Ref. [45] for more details) and
defined by
Sij = −
1
8pi
(
κij − δijκmm
)
, (14)
where kij represents discontinuity in the extrinsic curva-
ture Kij , across the junction interface, which is defined
by kij = K
+
ij −K−ij . Therefore, the second fundamental
form has been used to yields the extrinsic curvature in
its final form, which is
K±ij = −ην
(
∂2xν
∂ξi∂ξj
+ Γν±αβ
∂xα
∂ξi
∂xβ
∂ξj
)
, (15)
where ην represents the unit normal at the junction, the
symbol ‘±′ represents the interior and exterior spacetime,
and ξi represents the intrinsic coordinates. Now, by using
the metrics (1) and (13), the non-trivial components of
the extrinsic curvature are given by
Kτ +τ =
M
a2 + a¨√
1− 2Ma + a˙2
, (16)
Kτ −τ =
a
2
{
1
R2+a2 + ω
3R2+a2
(R2+a2)2
}
+ a¨− (1+ω)a2R2 3R
2+a2
R2+a2 a˙
2√
R2
R2+a2 + a˙
2
,
(17)
and
Kθ +θ =
1
a
√
1− 2M
a
+ a˙2, (18)
Kθ −θ =
1
a
√
R2
R2 + a2
+ a˙2. (19)
We have adopted the usual notation in which the dot and
prime represent d/dτ and d/dr, respectively. Since our
metrics are diagonal, Sij is also diagonalized and written
as Sij = diag (−σ,P,P). Thus, the Lanczos equations
give the energy density and pressure on the shell:
σ = − 1
4pia
[√
1− 2M
a
+ a˙2 −
√
R2
R2 + a2
+ a˙2
]
, (20)
P = 1
8pia
1− Ma + a˙2 + aa¨√
1− 2Ma + a˙2
−
1 + ωa
2
2
3R2+a2
(R2+a2)2√
R2
R2+a2 + a˙
2
−
a˙2 + aa¨− a22(R2+a2) + (1 + ω) a
2
2R2
3R2+a2
R2+a2 a˙
2√
R2
R2+a2 + a˙
2
 ,(21)
where σ and P are the surface energy density and surface
pressure at the junction interference.
Here, we interpret the quantities σ and P arising from
the thin-shell formalism for the spherically symmetric
case. In this regard, the equation of motion for the sur-
face stress-energy tensor is given by Sij|i=
[
Tµνe
µ
(j)n
ν
]+
−
,
where [X]+− denotes the discontinuity across the surface
interface, i.e. [X]+− = [X]
+|Σ − [X]−|Σ. According to
the Ref. [45], the momentum flux term Fµ= TµνU
ν in
the right hand side corresponds to the net discontinuity
across the shell.
Consequently, the energy-conservation equation on the
shell ∇iSii can be written as Siτ |i =σ˙ + 2a˙(σ + P)/a and
the energy flux is given by
[
Tµνe
µ
(j)n
ν
]+
−
= −
(ρ+ pr) a˙
√
1− 2m/a+ a˙2
1− 2m/a . (22)
One may deduced ρ and pr from Eqs. (9-10), respec-
tively, evaluated at the junction radius, a. Now, using
the above relationship the conservation identity is much
more appealing form
σ′ = −2
a
(σ + P) + Θ, (23)
where Θ is defined as
Θ = − 1
4pia
m′(1 + ω)
(a− 2m)
√
1− 2m/a+ a˙2. (24)
After some algebraic manipulations, from Eq. (7), we
then obtain
Θ = − (w + 1)
(
r4 + 3r2R2
)
8pia (r2 +R2) (a (r2 +R2)− r3)
√
1− 2m/a+ a˙2.
(25)
For ω = −1, the Eq (25) reduces to zero, which relate to
the solution obtained in Ref [46].
We would also like to emphasize that for closing the
system of equations we need an equation of state (EoS)
P = P(σ). Such an EoS would embrace the microphysics
of the matter inside the shell. For instant, gravastar
model has an interior de-Sitter spacetime surrounded
by a thin shell of ultra-stiff matter with an equation
of state p = ρ, which is again matched to an exterior
Schwarzschild vacuum solution.
IV. STRUCTURAL PROPERTIES OF
COMPACT OBJECTS
In order to examine more details about the stel-
lar structure, we perform some analytical calculations
and study the corresponding constraint for interior fluid
sphere. Then, the effect of dark energy has been dis-
cussed to describe the mass-radius relation and ex-
plore massive stellar objects like massive pulsars, super-
Chandrasekhar stars and magnetars, namely, PSR J1416-
2230, Vela X-1 4U 1608-52, Her X-1 and PSR J1903+327
6TABLE 1: Numerical values of physical parameters for the different compact stars for ω
Compact Observed Mass Predicted ρc ρs Surface
2M
R
Stars (M⊙) Radius (Km) (gm/cm3) (gm/cm3) Redshift
PSR J1416-2230 (Demorest et al. [24]) 1.97 ± 0.04 11.083 ± 0.037 7.965 ×1014 5.695 ×1014 0.391 0.445
Vela X-1 (Rawls et al. [49]) 1.77 ± 0.08 10.852 ± 0.108 7.231 ×1014 5.371 ×1014 0.365 0.579
4U 1608-52 (Guv˙er et al. [50]) 1.74 ± 0.14 10.811 ± 0.197 7.695 ×1014 5.975 ×1014 0.342 0.436
Her X-1 (Abubekerov et al. [51]) 0.85 ± 0.15 8.836 ± 0.481 8.014 ×1014 6.453 ×1014 0.317 0.327
PSR J1903+327 (Freire et al. [52]) 1.667 ± 0.021 10.703 ± 0.032 7.695 ×1014 5.832 ×1014 0.215 0.320
as given in Gangopadhyay et al [53]. To be physically ac-
ceptable, the model should be free from any geometrical
singularities i.e. energy density and pressure are regular-
ity and finite at the center r = 0.
Owing to the several observations, the obtained solu-
tions have been studied and analyzed it’s physical accept-
ability in terms of the star Vela X-1 (mass 1.77 ± 0.08
M⊙ and radius R = 10.852 Km) by assuming it as the
representative of compact star candidates. On substitut-
ing these values into Eqs. (9-10), we plot the dependence
of energy density ρ vs r in Fig 2. It may be pointed out
here that energy density is finite inside the stellar interior
and monotonic decreasing function of r. Since we have
chosen dark energy EoS then it is obvious that radial
pressure pr is negative inside the stellar interior. In Fig.
2 (right panel), we plot the anisotropic factor inside the
stellar interior for ω < −1/3. We notic from the figure
that ∆ > 0 for ω = −0.35 i.e. in the phantom region
anisotropic force directed outward.
A. Energy Condition
We are interested here to investigate the energy con-
ditions in terms of the components of the energy-
momentum tensor. To begin with, we consider different
energy conditions, namely, null energy condition (NEC),
weak energy condition (WEC), strong energy condition
(SEC) and dominant energy condition (DEC) for the
compact star candidate Vela X-1 (as the representative
of other stellar model)- read as follows:
(i) NEC : ρ(r) + pr(r) ≥ 0, (26)
(ii) WEC : ρ(r) + pr(r) ≥ 0 and ρ(r) ≥ 0, (27)
(iii) SEC : ρ(r) + pr(r) ≥ 0 and ρ+ pr(r) + pt(r) ≥ 0,
(28)
(iv) DEC : ρ(r) > |pr(r)| and ρ(r) > |pt(r)|. (29)
Utilizing the inequalities, the nature of energy conditions
for the astral structure Vela X-1 has been studied. The
behavior of these conditions are shown graphically. In
Fig. 3, we plot the left hand side of the above inequalities
as a function of r, which shows that all energy conditions
of our model are satisfied for ω = −0.35.
FIG. 3. The plot depicts the energy conditions for the in-
equalities Eqs. (26-29) as a function of the radial coordinate
r. The curves for null energy condition (NEC), weak energy
condition (WEC), strong energy condition (SEC), dominant
energy condition (DEC) are shown in this figures, for the
compact star Vela X-1.
B. Mass-radius relation and Surface gravitational
red shift
Here, we extend our analysis towards the effective
mass-radius relation and surface gravitational red shift.
For this purpose, the mass function within the radius of
a compact star is given by
m(r) =
∫ r
0
4piρr2dr =
r3
2(r2 +R2)
. (30)
We observe that the mass function m(r) → 0 as r → 0.
Since the spherically symmetric perfect fluid configura-
tions have the allowable mass-radius ratio fall within the
limit of 2M/R < 8/9 (in the unit c = G = 1) [47]. Thus,
putting the values considered for ‘Vela X-1’ in Eq. (30),
we obtain the profile for mass function as shown in Fig.
7TABLE II: Physical parameters of the strange star candidate Vela X-1 due to the different values of state parameter ω with
mass 1.77 ± 0.08 (Rawls et al. [49])
Values of Predicted ρc ρs Surface
2M
R
ω Radius (Km) (gm/cm3) (gm/cm3) Redshift
- 0.37 10.736 7.221 ×1014 5.351 ×1014 0.357 0.546
- 0.41 10.652 7.131 ×1014 5.142 ×1014 0.348 0.529
- 0.47 10.611 7.057 ×1014 4.957 ×1014 0.337 0.486
FIG. 4. The mass function m(r) has been shown against r
of the Strange star candidate Vela X-1, which is monotonic
increasing within the radius of the star.
4. In order to check the condition we have plotted to-
tal mass normalized in solar mass, i.e. M/M with the
radius R in Fig. 4, for the specific value of ω = - 0.35. In-
deed, it is shown that m(r) is monotonic increasing func-
tion of radial co-ordinate and m(r) > 0 for 0 < r < a.
To obtain the mass-radius relation for different compact
stars, which are in general very closely equal to the ob-
served values are tabulated in Table-I. Moreover, central
density, surface density as well as surface redshift are
tabulated Table-I in describing the other compact con-
figurations. From the observation one can see that the
mass-radius relation for the different compact stars do
not cross the proposed range of Buchdahl-Bondi inequal-
ity [47].
Following the basic definition of the compactness of the
star is obtained as
u(r) =
m(r)
r
=
r2
2(R2 + r2)
. (31)
We show the behaviour of the compactness u(r) of the
star in Fig. 5. More precisely, the figure indicating that
u(r) is a monotonic increasing function of r, and the red-
FIG. 5. The compactness of the strange star is shown against
r, which is monotonic increasing within the radius of the of
strange star Vela X-1.
shift function zs of the compact star is given by
1 + zs = (1− 2u)− 12 . (32)
Thus, the surface redshift function zs can be define as
zs =
√(
R2
R2 + r2
)
− 1. (33)
In Fig. 6, the surface redshift is shown for the compact
star Vela X-1, which is determined from the compact-
ness parameter. We also perform the maximum surface
redshift (zs) for different compact stellar configuration
which is shown in Table I and Table II, respectively for
different values of state parameter ω. It is also of interest
to observe that maximum value of the surface redshift,
zs < 1. In this sense, one may extract that obtained
results are compatible with the result obtained in [48].
8FIG. 6. Variation of the redshift function zs of the Strange
star candidate Vela X-1 with respect to r in km.
V. RESULTS AND DISCUSSION
The driving forces behind scientific progress are con-
tradictions between entrenched theories and new observa-
tions. Typically, dark energy models are based on scalar
fields minimally coupled to gravity, is believed to respon-
sible for the present accelerated expansion of the Uni-
verse. In fact, DE has opened up new possibilities in
theoretical research for cosmology as well as astrophysical
objects. In this article we present a formalism, based on
dark energy EoS, describing a new class of static spher-
ically symmetric stellar model satisfying all the physical
realistic conditions.
The interior space-time metric is matched with the
Schwarzschild exterior vacuum solution at the boundary.
The constraints of the field equations are determined by
the following conditions (i) the interior metric is describe
by Finch-Skea type and (ii) the subsequent analysis is
based on the dark energy EoS pr = ωρ. The motiva-
tion for implementing this model satisfies all the phys-
ical requirements like energy density, radial and trans-
verse pressures which are finite and regular at the centre.
Therefore, it can potentially describe as a compact object
which is neither a neutron stars nor a quark star. It is ev-
ident from Figs. 1 that the ‘gravitarional profile’ g(r) >
0, indicating an inwardly gravitational attraction within
the range of −1/3 < ω < 0, and g(r) < 0 for ω < −1/3,
which indicate the gravitational repulsion. For a dark
star solution it is necessary that the local acceleration
due to gravity of the interior solution be repulsive in na-
ture, so that the region where g(r) > 0 is necessarily
excluded. For value of w = −0.35, we consider Vela X-1
of mass 1.77 M⊙ as the representative of compact star
candidates. The results reported in Figs. 1-6. In par-
ticular, we pointed out that the central density is finite
and maximum at the stellar interior (Fig. 2), whereas
the variation of anisotropy shown in Fig. 2 (right panel)
is positive throughout the system for −1 < ω < −1/3.
Hence, the direction of the anisotropic force is outward
for our system.
Next, we matched our interior solution to the exterior
Schwarzschild solution in presence of thin shell. We set
G = c = 1, while solving Einstein equations and plotting
the graphs. Based on physical requirements and plug-
ging the values of G and c into the relevant equations,
we calculate the numerical values of mass-radius relation
for different compact stars. Physically the mass of the
star is strongly dependent on its central density, and we
know that high central density stars have lower gravita-
tional masses. The obtained solutions are compared with
the observed evidence for the existence of compact stars
which is consistent with our model and the of mass-radius
for different stars lies in the proposed range by Buchdahl
[47] (The results reported in Table I and II). To ex-
amine the nature of physical quantities, we consider a
particular star, namely, Vela X-1 to investigate the phys-
ical properties. In order to investigate internal structure
of the dark star in more details, we plot Figs. 3 - 6,
for energy conditions, mass-radius relations and surface
redshift, respectively. In our model we have found the
surface redshift (zs) for the different compact stars are of
finite values and vanishes outside of the star (see Table I
and II for more details), which typically fall within the
proposed range in [48], are physically acceptable.
Finally, at very high mass measurement of about 2M⊙
requires a really stiff equation of state in neutron stars,
and DE may be used as a possible candidate to study
observable compact astrophysical objects.
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